This paper describes a bi-directional isolated dc/dc converter having a high-frequency transformer with a unity turn ratio, where the input and output dc voltages are different from each other. Theoretical analysis reveals that power loss in the dc/dc converter, as well as peak current flowing in the high-frequency transformer and auxiliary inductors, imposes limitations on the maximum transferable power. The 10-kW, 20-kHz dc/dc converter designed and constructed in this paper is operated with one dc voltage fixed to 320 V and the other ranging between 180 V and 360 V without excessively increased power loss. The effect of the so-called "dead time" on the operating performance is also discussed in this paper. Such wide range of dc voltage may bring about a various application fields to the dc/dc converter.
This paper describes the bi-directional isolated dc/dc converter shown in Fig. 1 having a high-frequency transformer with a unity turn ratio, where the input and output dc voltages are different from each other. Few technical papers have dealt with the dc/dc converter under different dc voltages. Besides, no technical paper has demonstrated the operation of the dc/dc converter rated around 10 kW under different dc voltages. However, voltage-adjusting capability may bring about a significant expansion of the application fields of the dc/dc converter. Thus, this paper analyzes the relationship between operating dc voltages, transfered power, and power loss to determine how different the two dc voltages can be from each other without excessively increasing power loss. Then, experiments are conducted on the dc/dc converter rated at 360 V, 10 kW, and 20 kHz, demonstrating bi-directional power flow under different dc voltages stably. The effect of the so-called "dead time" on the operating performance is also discussed in this paper. Fig. 2 shows the calculated relationship between transfered power P DC and the theoretical loss when one dc voltage is fixed at 320 V and the other is adjusted between 180 V and 360 V. Note that Fig. 2 assumes the power transfer P DC to be positive, and the theoretical loss consists of a snubber loss and an IGBT conducting loss excluding an IGBT switching loss and magnetic-component losses. The calculation was carried out under the condition where the snubber capacitor C snub = 0.01 µF and the voltage drop across each IGBT and diode is 1.5 V regardless of the current. Difference between E 1 and E 2 narrows the range of transfered power where ZVS (zerovoltage switching) operation is possible, resulting in an increased snubber loss. The lower E 2 becomes, the higher current is needed to transfer a given power, causing larger power loss than that at E 1 = E 2 = 320 V.
Thermal limit of 212 W is drawn as a dashed line in Fig. 2 based on the theoretical loss at E 1 = E 2 = 320 V. When E 1 = 320 V and E 2 = 180 V, the theoretical loss reaches the thermal limit at P DC = 5.6 kW. The power loss or the thermal design of the dc/dc converter determines the possible range of power transfer and the difference between the two dc voltages. As is mentioned in this paper, the peak value of the current i 1 also imposes limitation on the possible voltage difference. Despite the above-mentioned increased power loss, the operation under different dc voltages is useful and may expand the application field of the dc/dc converter.
Experiments were conducted with E 1 fixed to 320 V and E 2 changed to be 320 V, 360 V, 260 V, and 180 V. Fig. 3 shows experimental waveforms of the dc/dc converter when a power of 5 kW is transfered from Bridge 2 to Bridge 1 (P DC = −5 kW) at E 1 = 320 V and E 2 = 180 V. The peak value of i 1 was 60 A while its theoretical value was 66 A. Although Bridge 2 was operated in hard switching Fig. 1 . A bi-directional isolated DC/DC converter Fig. 2 . Sum of theoretical conducting and snubber losses P theory = P cond + P snub when P DC is positive Fig. 3 . Experimental waveforms when E 1 = 320 V, E 2 = 180 V, δ = −41
• , and P DC = −5 kW manner, the dc/dc converter stably delivered 5 kW. The theoretical analysis and the experimental result in this paper suggests that the bi-directional isolated dc/dc converter may have wide-spread applications such as energy storage systems and hybrid vehicles because it can stably operate with its input and output dc voltage different from each other.
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